[1] Glacial millennial-scale paleoceanographic changes in the Southeast Pacific and the adjacent Southern Ocean are poorly known due to the scarcity of well-dated and high resolution sediment records. Here we present new surface water records from sediment core MD07-3128 recovered at 53°S off the Pacific entrance of the Strait of Magellan. The alkenone-derived sea surface temperature (SST) record reveals a very strong warming of ca. 8°C over the last Termination and substantial millennial-scale variability in the glacial section largely consistent with our planktonic foraminifera oxygen isotope (d 18 O) record of Neogloboquadrina pachyderma (sin.). The timing and structure of the Termination and some of the millennial-scale SST fluctuations are very similar to those observed in the well-dated SST record from ODP Site 1233 (41°S) and the temperature record from Drowning Maud Land Antarctic ice core supporting the hemispheric-wide Antarctic timing of SST changes. However, differences in our new SST record are also found including a long-term warming trend over Marine Isotope Stage (MIS) 3 followed by a cooling toward the Last Glacial Maximum (LGM). We suggest that these differences reflect regional cooling related to the proximal location of the southern Patagonian Ice Sheet and related meltwater supply at least during the LGM consistent with the fact that no longer SST cooling trend is observed in ODP Site 1233 or any SST Chilean record. This proximal ice sheet location is documented by generally higher contents of ice rafted debris (IRD) and tetra-unsaturated alkenones, and a slight trend toward lighter planktonic d
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Introduction
[2] Past changes in surface ocean properties in the Southeast Pacific including the Southeast Pacific sector (SEPS) of the Southern Ocean (SO) just north of the modern Subantarctic Front are only poorly known primarily because high resolution sediment records from this region are very scarce [Gersonde et al., 2005; MARGO Project Members, 2009] . In the SEPS, a few records have been retrieved around the Subantarctic Front (SAF) between ∼100°W and ∼120°W [Gersonde et al., 2005; Mashiotta et al., 1999] . Further north, high-resolution paleoceanographic records are available from the coastal ocean at the midlatitude Chilean margin between ∼27°S and ∼41°S [Kaiser et al., 2005 [Kaiser et al., , 2008 .
[3] The presently available SST data suggest a relatively weak LGM (19-23 kyr BP) cooling of generally less than ∼2°C (based on diatoms transfer function SST; [Gersonde et al., 2005] ) and ∼2.5°C (based on Mg/Ca SST; [Mashiotta et al., 1999] ) in the subantarctic SEPS. In contrast, alkenone-derived SST records from the midlatitude Chilean margin between ∼30°S and ∼41°S indicate substantially reduced LGM SSTs of the order of 4-6°C compared to modern values (5-7°C compared to early Holocene values) [Kaiser et al., 2005 [Kaiser et al., , 2008 Romero et al., 2006; Mohtadi et al., 2008] . The large SST changes along the Chilean margin have been related to a ∼5-6°northward shift of the northern margin of the Antarctic Circumpolar Current system (ACC) [e.g., Lamy et al., 2004; Kaiser et al., 2005] . It has been speculated that this northward extension of cold subantarctic water masses could be connected to an expansion of the sea ice cover around Antarctica and a northward displacement of the southern westerly winds (SWW). Such interpretation would be consistent with winter sea ice reconstructions in the Atlantic and Indian Ocean sectors of the SO whereas the few records available suggest a more modest sea ice expansion in the Pacific sector during the LGM [Gersonde et al., 2005] .
[4] There is an ongoing debate on the pattern and timing of millennial-scale climate fluctuations in the Southern Hemisphere. In Antarctica, millennial-scale temperature changes over the last glacial have been consistently explained by the bipolar seesaw concept that suggests an out-ofphase millennial-scale climate pattern between the Northern and Southern hemispheres [e.g., Stocker and Johnsen, 2003; EPICA Community Members, 2006] . This Antarctic millennial-scale pattern seems to extend into the Southern Hemisphere midlatitudes (40°-46°S) as indicated by highresolution SST records from the Chilean margin (ODP Site 1233; [Lamy et al., 2004; Kaiser et al., 2005] ); New Zealand [Pahnke et al., 2003] and the SW Indian Ocean [Barrows et al., 2007a] . Millennial-scale SST amplitudes in these records are of the order of 2-3°C and are similar to Antarctic temperature changes at these time-scales [Jouzel et al., 2007] . In the SO south of the SAF, however, high-resolution SST records with sufficient age control for analyzing the timing of millennial-scale pattern are still missing.
[5] In contrast to the findings of Antarctic millennial-scale pattern in SST records, continental glaciological and palynological data from the Chilean Lake District (∼40°S; directly onshore of ODP Site 1233) have been used in support for inter-hemispheric synchrony both during the last glacial [Lowell et al., 1995] and the deglaciation (e.g., cooling during the Younger Dryas (YD) cold phase; [Denton et al., 1999; Moreno et al., 2001] ). However, new glaciological data from the southern Patagonian Ice Sheet (PIS, south of ∼50°S) suggest glacier advances more in phase with Antarctic climate pattern [Kaplan et al., 2008; Moreno et al., 2009; Sugden et al., 2009] and consistent with data from New Zealand [Barrows et al., 2007b; Kaplan et al., 2010] .
[6] During the last glacial, the icefields in Patagonia expanded to form the larger Patagonian Ice Sheet (PIS) covering the southern Andes between ∼38°S and ∼56°S [e.g., Glasser and Jansson, 2008] . For the Atlantic side of the Andes, an updated view of glacial and deglacial changes in the extension of the southern PIS has been recently presented by Sugden et al. [2009] based on extensive dating of terrestrial records. This reconstruction suggests five major advances of the southern PIS during the last glacial and/or stagnation phases of ice retreat during the last deglacial. Glacial advances of the southern PIS have been linked to dust content changes as recorded in Antarctic ice cores [e.g., Fischer et al., 2007] , as glacier advances into the eastern Andean foreland largely enhance the availability of finegrained material in the assumed Patagonian dust source areas [Sugden et al., 2009; Kaiser and Lamy, 2010] . In contrast to the eastern side of the Andes, little is known about the extent of the PIS on the Pacific continental margin or the effect of its advances and retreats on the coast of the Chilean margin. Furthermore, IRD-based records of PIS changes on the Pacific side of the ice sheet are still missing.
[7] Here we present new surface water records including alkenone-based SST, planktonic foraminifera oxygen isotope and IRD records from the southernmost continental Chilean margin based on core MD07-3128 retrieved from the Pacific entrance of the Strait of Magellan (53°S) covering the past ∼60 kyr. We discuss millennial-scale and longer term SST pattern and compare them to the well-dated SST record from ODP Site 1233 at 41°S and to temperature changes in Antarctic ice core. We show that glacial SSTs were partly influenced by the presence of the large PIS located close to the site, at least during the LGM.
Study Area
[8] Modern surface circulation in the Southeast Pacific off southernmost Chile (∼53°S) is dominated by the Cape Horn Current (CHC) a coastal branch of the Antarctic Circumpolar Current (ACC) [Strub et al., 1998; Antezana, 1999; Chaigneau and Pizarro, 2005] (Figure 1a) . The CHC originates from the bifurcation of the northern ACC approaching South America between 40°to 45°S. The northern branch forms the Peru-Chile (or Humboldt) Current flowing equatorward whereas the CHC flows poleward along the southernmost Chilean continental margin toward the Drake Passage and transports Subantarctic Surface water (SAAW) [Shaffer et al., 1995; Strub et al., 1998 ]. The area off the Strait of Magellan is located ∼5°latitude north of the present SAF [Orsi et al., 1995] . Modern mean annual SST in this area is ∼8°C and the seasonal range is ∼3°C (World Ocean Atlas 2009).
[9] Within the southern Chilean fjord region, the relatively saltier Pacific surface waters progressively mix with fresher waters from melting glaciers, precipitation, and river runoff to produce a positive estuarine circulation characterized by strong density, temperature and salinity gradients [Pickard, 1971; Silva and Calvete, 2002; Sievers and Silva, 2008] . However, the exchange between fjord waters and open Pacific water masses is quite restricted due to very shallow sill depths on the continental shelf off southernmost Chile (30-40 m [Antezana, 1999] ). Slightly reduced salinities originating from the outflow of fjord waters occur along the continental margin ( Figure 1b) and are restricted to a thin surface layer of up to ∼50 m thickness [Antezana, 1999; Kilian et al., 2007] .
[10] At present, Patagonia has three main glacier systems: the Northern and Southern icefields (46°-52°S) and the Darwin Mountain ice field in Tierra del Fuego (54-55°S) that greatly expanded during the last glacial and formed the much larger PIS covering the entire Andean part of southern South America between ∼38°S and 56°S [e.g., Glasser and Jansson, 2008] (Figure 1b) . Though little is known about the extent of this ice sheet on the Pacific continental margin, it is assumed that glaciers advanced toward the continental shelf edge and terminated in iceberg-calving fronts [DaSilva et al., 1997] . This would bring the ice sheet very proximal to our coring site and we thus expect a much larger meltwater influence on surface water salinities and possibly also on SSTs in the study area.
Material and Methods
[11] The 30.33m-long Calypso piston core MD07-3128 was retrieved in 2007 from the continental slope off the Strait of Magellan, southern South America, at 52°39.57′S, 075°3
3.97′W (1,032 m water depth) during the IMAGES (International Marine Past Global Changes Studies) XV-MD159-Pachiderme cruise on board R/V Marion Dufresne.
[12] The top 50 cm of the core (Holocene sediments) consist of olive yellow foraminifera ooze with >40% CaCO 3 content. The rest of the sequence is mainly composed of siltbearing clay with m-scale variations in color between gray and grayish olive. Drop-stones were visually observed in particular in the upper 10 m of the core (except for the Holocene foraminifera ooze interval) and to a lesser amount deeper in the core.
[13] For this study, core MD07-3128 was sub-sampled every 12 cm resulting in an average temporal resolution of ∼2.8 kyr for the intervals corresponding to the Holocene, ∼200 years for the period covering Marine Isotope Stage (MIS) 2, and ∼230 years for the interval comprising MIS 3 (the oxygen isotope records are of lower resolution during this interval). All samples were stored frozen until chemical analysis.
Chronology
[14] The age control of the upper core section of core MD07-3128 (0.3 to 18.51 m) was based on 13 accelerator mass spectrometry (AMS) 14 C dates performed on mixed planktonic foraminifera (Table 1) . Below ∼18.5 m-coredepth, the radiometric chronology was supplemented by the record of the Laschamp magnetic field excursion located between 19.65 m (top) and 21.5 m (base). We define the Laschamp excursion as the directional maximum shift centered at 41.25 kyr [Laj et al., 2000 [Laj et al., , 2009 and use the midpoint at ∼20.6 m core depth as an age control point. Below the Laschamp excursion, we extended the age-scale to the base of the core by tuning our alkenone SST record to that of ODP Site 1233 on its latest age model (Figure 2a ) using a minimum of only two correlation points (Table 1 ). This age model is consistent with the low resolution planktonic d 18 O record from our core ( Figure 3 ). All 14 C ages were converted to calendar ages using the Calib 6.02 software and the marine calibration data set MARINE09 [Reimer et al., 2009 ] with a local marine reservoir deviation of 221 ± 40 years [Ingram and Southon, 1996] . We are aware that pre-Holocene and deglaciation reservoir ages might have been larger at our site. However, to the best of our knowledge, there is presently no information on regional changes in reservoir ages in the study area available. De Pol-Holz et al. [2010] suggest that large reservoir age changes in the order of >1000 years did probably not occur at the Chilean margin at ∼36°S. We therefore believe that our present age model is sufficient for the purpose of discussing glacial/interglacial and millennial-scale changes. Further work on Chilean continental margin records including site MD07-3128 will be required in the future in order to better constrain past reservoir age changes and their implications for intermediate and deep water circulation.
Alkenone-Sea Surface Temperatures (SSTs)
[15] We determined SST by alkenone paleothermometry in continuous 12 cm intervals. Long-chain alkenones were extracted from 3 to 5 g of pulverized freeze-dried sediments following published methods [Müller et al., 1998 ].
[16] The relative abundances and concentrations (in ng/g dry sediment weight) of di-, tri-, and tetra-unsaturated C 37 alkenones were measured using gas chromatography equipped with a fused silica capillary column (60 m × 0.32 mm, DB-5 MS, Agilent J&W) and flame ionization detection (FID). 2-nanodecanone added to the samples before extraction was used as internal standard. Helium was employed as carrier gas with a constant pressure of 150 kPa. After injection at 50°C, the oven temperature was programmed to 250°C at a rate of 25°C/min to 290°C at a rate of 1°C/min, held for 26 min, and finally to 310 at a rate of 30°C/min, where the final temperature was maintained for 10 min.
[17] The U 37 K′ index, based on the concentration of di-and tri-unsaturated ketones with 37 carbon atoms produced by some Haptophyte algae was used to estimate SST (U 37 K′ = [C 37:2 ]/[C 37:2 + C 37:3 ]) [Prahl and Wakeham, 1987] . To translate U 37 K′ values to an estimation of SST we applied the calibration of Prahl et al. [1988] (SST = (U 37 K′ -0.039)/(0.034)) that has been widely used for paleotemperature estimations. The reproducibility of the procedure was evaluated using a homogeneous sediment standard extracted every batch of 5 samples. The relatively analytical error was below 1°C. and core MD07-3128 (53°S; this study). Black arrows mark the long-term warming trend observed over MIS 3 followed by a cooling trend to the LGM in our record. [18] We used U 37 K′ in preference to the original index because U 37 K includes the tetra-unsaturated C 37 alkenone (C 37:4 ) that, although present in high abundances in cold regions [Rosell-Melé, 1998 ], is affected by other parameters in addition to temperature such as salinity [Sikes et al., 1997; Bendle et al., 2005; McClymont et al., 2008] . The relative abundances of C 37:4 alkenone were compared to IRD estimates in order to constrain their applicability as a paleosalinity proxy.
Oxygen Isotopes
[ for the earlier part of the record. We assume 1.2‰ ice-effect for the last termination.
[21] Furthermore, in order to compare potential paleosalinity changes at site MD07-3128 to the PIS meltwater record at ODP Site 1233 [Lamy et al., 2004] In order to eliminate the global ice volume signal from the d 18 O carb record, the data were corrected assuming an enrichment of 0.1‰ per 10 m of sea level lowering. Again, the sea level reconstructions by Fairbanks [1989] (0-22 kyr BP) and the global sea level record from the Red Sea were used between 8 and 22 kyr and 22-25 kyr, respectively. The reconstructed d
18 O sw is directly related to sea surface salinity changes [e.g., Rostek et al., 1993] . A calibration for the local d
18 O sw -salinity relationship is unfortunately not available.
Ice Rafted Debris
[22] We use the relative percentage of the >150 mm carbonate-free fraction and manual particle counts as proxies for ice rafted debris (IRD). The >150 mm was separated by wet-sieving after removal of carbonate with 10% acetic acid and organic matter with 3.5% hydrogen peroxide. IRD was counted from the >150 mm carbonate-free fraction, assuming that coarser-grained terrigenous sediment can only reach the core location through iceberg transport. Volcanic particles are not a significant component at Site MD07-3128 most likely because ash plumes originating from volcanoes of the Southern Andes are typically transported and deposited eastward due to the prevailing strong westerly winds [e.g., Kilian et al., 2003 ]. Opal has not been resolved, but the opal contents are far too low to significantly contribute to the >150 mm carbonate-free fraction record. This assumption is confirmed by microscopic inspection of a number of selected samples.
Results

Chronology
[23] According to our age model, core MD07-3128 records the last ∼60 kyr BP covering most of the last glacial (MIS 3 to MIS 2) to the late Holocene (Table 1 and Figure 2 ). Variable sedimentation rates along the core were recorded (Figure 2b) , reaching mean values of ∼60 cm kyr −1 during almost all MIS 3 with exceptionally high values of >330 cm/kyr between ∼28 and ∼27 kyr BP. Mean sedimentation rates were ∼120 cm/kyr around the LGM decreasing to ∼18 cm/kyr during the last termination, and to ∼4 cm/kyr during the Holocene. The high mean sedimentation rates during the glacial period can be explained by the proximal location of our site to the PIS and accordingly strong terrigenous supply which is presently primarily trapped within the fjords [Kilian et al., 2003 [Kilian et al., , 2007 . The peak sedimentation rates between ∼28 and ∼27 kyr BP may further be related to relatively large one sigma ranges of the calibrated ages of the two radiocarbon datings and/or variable reservoir ages.
Alkenone SST and Planktonic Foraminiferal d
18 O
[24] We reconstructed a continuous alkenone-derived SSTs record for the past ∼60 kyr BP (Figure 3a) . The SSTs oscillated between a minimum of 4.4°C at 18.8 kyr B.P and a maximum of 13°C at 9.6 kyr BP. The record exhibits an overall pattern of low temperatures, on average close to 7°C during the glacial period from ∼60 kyr BP to ∼19 kyr BP. Relatively warm temperatures (up to ∼9°C) occur during early MIS 3 followed by a minimum of ∼5°C close to 50 kyr BP. Thereafter, a long-term warming trend of ∼2°C persists until ∼25 kyr BP which is followed by a cooling trend of the order of ∼3°C leading to the LGM with minimum SSTs around ∼19 kyr BP. From 50 kyr BP to 19 kyr BP, pronounced millennial-scale variability is observed. The amplitudes of these short-term variations are mostly ∼2-3°C with a few larger amplitude oscillations of about 4°C in the younger half of this period.
[25] After the coldest temperatures at ∼19 kyr BP, a drastic increase in the SST of ca. 8°C is observed; this marks the beginning of Termination 1. Two warming steps characterized the deglacial period at 53°S: the first one displayed an increase of 4°C and lasted ca. 3 kyr and occurred between ∼18.6 and ∼15.3 kyr BP. The second step, with a duration of ca. 1.5 kyr, started at about 12.2 kyr BP and had an amplitude of ∼2°C (Figure 3a) . Finally, after a brief warm period most likely representing the Holocene Climate Optimum as observed in many records of the Southern Hemisphere [e.g., Bianchi and Gersonde, 2004; Kaiser et al., 2005] , alkenone-derived SSTs progressively declined toward cooler temperatures, reaching values close to 11°C in the late Holocene.
[26] We compare our alkenone-based SST data to the icevolume corrected planktonic d 18 O record of N. pachyderma (sin.) (Figure 3b ). Although the resolution of the d 18 O record is lower than that of the alkenone SSTs (during MIS 3 and early MIS 2), both records share common millennial-scale variations. These short-term variations in the N. pachyderma 18 O values rise by ∼1‰ between ∼18.3 and ∼15.3 kyr BP, an interval in which alkenone SSTs increase by ∼4°C. Thereafter, the record has very low resolution. Higher d
18 O values occur at ∼12 kyr BP (three data points) and at ∼5.6 kyr BP (only one data point). There is a slight long-term trend toward lower d
18 O values from late MIS 3 toward the LGM.
Ice Rafted Debris and Paleosalinity
[27] The IRD count record largely parallels the relative percentages of the >150 mm carbonate-free fraction (Figure 4) . Most IRD consists of sand-sized particles with generally minor amounts of gravel. Both records show highest values during late MIS 3 and MIS 2 (∼18 and 30 kyr BP) with several centennial to millennial-scale pulses reaching values of up to ∼8% (>150 mm fraction) and counts of up to ∼30,000 grains. The most pronounced pulses occur at ∼27, 23-25, 21, 19.5-20 , and 18 kyr BP. In the earlier part of the records, a number of smaller IRD peaks are present, the most pronounced occurring at ∼41.5 and 52.5-54 kyr BP (Figures 4b and 4c) .
[28] The relative abundances of C 37:4 alkenone were compared to IRD estimates in order to constrain their applicability as a paleosalinity proxy. C 37:4 alkenones are a compound of the alkenone analysis. It has been proposed that these particular alkenones are linked to low-salinity water masses and that a C 37:4 increase of about 5 to 10% corresponds to a freshening of one practical salinity unit (PSU) [Rosell-Melé, 1998; Rosell-Melé et al., 2002] . It is still unclear if indeed salinity has a direct effect on the C 37:4 biosynthesis or if the observed pattern is due to a metabolic difference of coccolithophorids endemic of cold or coastal water masses [Schulz et al., 2000] . However, even if the production of this alkenone is related to different species of coccoliths, the relative abundances of C 37:4 may still be used to study the input of fresh-waters [Bard et al., 2000] . C 37:4 alkenone relative abundances in core MD07-3128 are very low (<5%) during the Holocene and during some intervals of MIS 3 (Figure 4d ). Values are substantially higher during the 18 O sw record from core MD07-3128 (53°S) (this study); vertical bar marks potential meltwater pulse. (c) Alkenone-based SST reconstruction from core MD07-3128 (53°S) (this study). last glacial in particular during late MIS 3 and MIS 2 with mean relative abundances in the range of 10 to 20%. A number of short-term (centennial to millennial-scale) spikes in C 37:4 alkenone relative abundance (up to 40%) occur between ∼18 and 30 kyr BP. These partly coincide with higher coarse fraction and IRD contents (Figures 4b, 4c, and  4d) . In contrast to the IRD proxies that abruptly decrease at ∼18 kyr BP, C 37:4 alkenone relative abundance remains high into the deglaciation until the beginning of the Holocene. Our d 18 O sw reconstruction covering the period from 8 to 25 kyr BP reveals a pronounced ∼1‰ decline culminating around 19.5 kyr BP. Thereafter across the deglaciation d 18 O sw stepwise increases reaching values of ∼0.8‰ during the early Holocene, i.e., ∼0.4‰ heavier than at 25 kyr BP and ∼1.5‰ heavier than during the LGM (Figure 5b ). O in core MD07-3128 generally follow an "Antarctic timing" as also observed in ice cores and marine records further north along the Chilean margin, at ODP Site 1233 [Lamy et al., 2004 Kaiser et al., 2005] (Figure 3 ). Although this pattern is particularly evident for the deglacial warming, it also includes the millennial-scale variations during the last glacial. The "Antarctic timing" is consistent with the bipolar seesaw concept of anti-phased temperature changes on the Northern and Southern hemispheres that applies for the last glacial [EPICA Community Members, 2006] and extends into Termination 1 [e.g., Lamy et al., 2007] . Recent work further suggests that atmospheric teleconnections play an important role for explaining antiphased temperature signals in both hemispheres Lamy et al., 2010; Lee et al., 2011] .
[30] The relatively large SST amplitude both over Termination 1 and, on millennial time-scales, during the last glacial suggests an exceptionally strong SST sensitivity at site MD07-3128. The SST changes are even larger than at ODP Site 1233 (Figure 3a) where ∼6°C glacial SST cooling has been interpreted in terms of a ∼5-6°northward shift of the northern margin of the ACC system in connection with an expansion of the sea ice cover around Antarctica and a northward displacement of the SWW [e.g., Lamy et al., 2004; Kaiser et al., 2005] . Considering that our study area off the Strait of Magellan is presently located ∼5°latitude north of the present SAF [Orsi et al., 1995] , our study area could have been in the vicinity or even south of the SAF during the coldest times of the last glacial if substantial northward movements of the SO fronts occurred. This interpretation would imply that latitudinal shifts of the SO fronts in the SE-Pacific were much more pronounced than those occurring further west in the central Pacific [Gersonde et al., 2005] (see also 5.2). Strong latitudinal shifts of the SO fronts have also been derived from a dinoflagellate cyst record of ODP Site 1233 [Verleye and Louwye, 2010] . The authors interpret a ∼7-10°northward shift of the system and even positioned the LGM Polar Front Zone (PFZ) at the latitude of ODP Site 1233. However, these results are inconsistent with the coccolithophore assemblages at the same site [SaavedraPellitero et al., 2011] , which suggest a more limited northward movement of the assemblages (fronts) of the order of ∼5°latitude.
[31] Despite the general "Antarctic timing" of our new southernmost Chilean margin SST record at millennial-time scales and during Termination 1, long-term temperature trends in our record differ from those observed at ODP Site 1233 and in EPICA Antarctic ice core (Figures 3a and 3c) . We infer that these diverging long-term trends reflect regional differences in the SST evolution off the Strait of Magellan most likely due to the impact of meltwater and icebergs originating from the southern PIS located close to site MD07-3128, at least during the LGM (see below).
Dynamics of the PIS
[32] During the last glacial, the icefields in Patagonia expanded to form the larger PIS covering the southern Andes between 36 and 55°S. An updated view of glacial and deglacial changes in the extension of the southern PIS has been recently presented by Sugden et al. [2009] based on extensive dating of terrestrial records on the eastern side of the ice sheet. These data suggest five major advances of the southern PIS and/or stagnation phases of the deglacial ice retreat, named Stages A-E (Figure 4a ). The oldest Stage A has been tentatively correlated to MIS 4 and is thus beyond the reach of our marine record. During stages B and C (23.1-25.6 kyr BP, and 20.4-21.7 kyr BP) glaciers were at their maximum extent and discharged directly onto outwash plains east of the Andean crest. Particularly Stage B correlates with three pulses of IRD (Figure 4 ) whereas stage C is only reflected by a relatively minor IRD peak in our record. The same applies to advance D at ∼17.7 kyr BP during which glaciers where more restricted and terminated in lakes [Sugden et al., 2009] .
[33] This consistency of our IRD changes with the independently dated terrestrial record provides not only confidence in our age model but also suggests that both the Atlantic and the Pacific sides of the southern PIS reacted, within age uncertainties, in phase. Further evidence that the extent changes of the PIS were coherent over large-scales comes from the terrigenous sediment input (Ti and Fe content maxima) at ODP Site 1233 related to northern PIS activity [Lamy et al., 2004; Kaiser and Lamy, 2010] . Maxima in glaciogenic sediment input from the northern PIS generally correlate with IRD maxima in our record suggesting coeval millennial-scale variations of the complete PIS during the last glacial. Both ODP Site 1233 and the continental Patagonian records have been compared to dust input changes in Antarctic ice cores [Sugden et al., 2009; Kaiser and Lamy, 2010] suggesting a mechanistic link of PIS advances to dust maxima in Antarctica involving the ice sheet derived supply of finegrained sediment to the Patagonian dust source areas. Our new IRD record is largely consistent with this interpretation and extends the terrestrial record of ice sheet advances back into MIS 3 (Figure 4 ). Although the comparison to the terrestrial record suggests that our IRD record primarily documents ice sheet advances, we are aware that wind changes were probably likewise important. Strong SWW would reduce the offshore movement of icebergs from the southern PIS. However, it is likely that during glacier advances (primarily cold phases during the glacial) the SWW intensities would have been slightly reduced off southernmost Chile as the core of the SWW moved northward [Lamy et al., 2004 . Thus, the offshore advection of icebergs would have been facilitated during intervals of southern PIS advances.
[34] Furthermore, the proximal location of our site MD07-3128 to the PIS may also explain the long term SST cooling trend from ∼25 kyr to 19 kyr BP (Figure 3a) . Our IRD record and the continental evidences [Sugden et al., 2009] suggest that the ice sheet extension was at its maximum during this time interval. It is likely that the supply of meltwater induced a locally enhanced SST cooling close to the ice sheet margin consistent with the fact that no similar long-term cooling is observed at ODP Site 1233 (or any other high resolution SST records from the Chilean margin) nor is it seen in Antarctic ice core records (Figure 3) . Furthermore, the ice sheet likely supplied large amounts of meltwater thus reducing sea surface salinities at our site. Reduced paleosalinity at Site MD07-3128 during the glacial are coherent with higher relative abundances of C 37:4 alkenones (Figure 4d ). Higher relative abundances of C 37:4 alkenones have been related to reduced surface ocean salinities in particular in the Nordic Seas [Rosell-Melé, 1998; Rosell-Melé et al., 2002] although other studies suggest that the relationship to paleosalinity is not straightforward [Sikes and Sicre, 2002] . Relative abundances of C 37:4 alkenones appear to be higher during most but not all of the millennial to centennial-scale IRD events (Figure 4 ) implying a strong link between ice sheet extent and regional paleosalinity, also on shorter scales. Interestingly, the C 37:4 alkenone relative abundances remain comparatively high during the deglaciation suggesting that relatively fresh surface water conditions persist, perhaps due to a continuous supply of meltwater during ice sheet retreat [Sugden et al., 2009] .
[35] Our ice-volume corrected planktonic d 18 O record of N. pachyderma (sin.) generally follows the alkenone-derived SST changes during the Termination and the glacial millennial-scale variations (Figure 3) suggesting that paleosalinity changes induced by meltwater supply did not penetrate deep enough into the water column to be recorded by this deepdwelling foraminifera living just below the thermocline [e.g., Marchant et al., 1998 ]. However, the long-term baseline trends between both records differ. Particularly, the slight trend toward lighter d
18 O from late MIS 3 to the LGM might be interpreted in terms of a freshening of sub-surface water masses or a shallower depth habitat of N. pachyderma (sin.) during the coldest intervals around the LGM.
[36] A freshening of surface waters around the LGM is also indicated by our d
18
O sw reconstruction (Figure 5b ). However, this record has be regarded with caution, as we reconstructed d
18 O sw by combining alkenone-based SSTs which are likely affected by shallow meltwater supply (as discussed above) with the d 18 O carb N. pachyderma (sin.) living probably mainly below the freshwater layer where the temperature evolution may be slightly different. Nevertheless, there is a quite strong signal in d
18 O sw that may reflect either PISderived freshwater supply and/or a general water mass signal derived from salinity changes of subantarctic water masses from the ACC. Furthermore, the PIS meltwater signal during the deglaciation differs significantly from the well pronounced meltwater pulse recorded in the d 18 O sw record at ODP Site 1233 (Figure 5a ) [Lamy et al., 2004] . In this record, a major negative shift of ∼1.3‰ occurring between ∼17.5 and 15.5 kyr BP has been linked to the deglacial melting of the northern PIS (Figure 5a ). In the MD07-3128 d 18 O sw record the decrease occurs much earlier and culminates around the LGM which cannot reflect the deglacial melting of southern PIS. However, a small additional decrease centered at ∼15 kyr BP may relate to the deglacial melting water consistent with reconstructions of the postglacial paleoenvironmental evolution within the fjords at this latitude [Kilian et al., 2003 [Kilian et al., , 2007 .
Conclusions
[37] Our SST record from the southernmost Chilean margin (53°S) allows for the first time resolving millennial-scale pattern in the Southeast Pacific at the latitude of the main ACC flow. The timing and structure of these millennial-scale patterns and of Termination 1 is consistent with an "Antarctic timing," as observed in ice cores and SST records further north off Chile as well as in the SW Pacific off New Zealand. However, the SST record off the Strait of Magellan also reveals differences including the long-term cooling from ca. 25 kyr BP toward the LGM, which can be associated to the proximal location of site MD07-3128 to the large glacial PIS.
[38] We provide the first continuous IRD record of the Pacific margin of the PIS. Generally higher contents of IRD during late MIS 3 and the LGM can be interpreted as advances of the ice sheet or reduced westward migration of icebergs due to a northward displacement and/or regional weakening of the Southern Westerlies. Superimposed millennial-scale IRD variations correlate (within age uncertainties) with dust input changes recorded in Antarctic ice cores implying a causal link between ice advances and dust availability, as previously suggested [Sugden et al., 2009] . Furthermore, meltwater input during southern PIS advances is at least partly documented by higher relative abundances of C 37:4 alkenones. The southern PIS meltwater signal during the last termination probably reveals different amplitudes and timing compared to the record from ODP Site 1233.
[39] Whether the large amplitude SST changes off the Strait of Magellan are a regional feature of the easternmost Pacific sector or whether they extend to other parts of the Pacific SO remains to be shown by additional high resolution paleoceanographic records from this region in the future.
